Background: To our knowledge, no previous studies have evaluated the association between obesity and the risk of thyroid nodules with a high-suspicion sonographic pattern defined by the 2015 American Thyroid Association management guidelines for adult patients with thyroid nodules and differentiated thyroid cancers. In this large cross-sectional epidemiological study, we investigated whether a positive association existed between anthropometric measurements and the risk of thyroid nodules. Methods: In total, 10,504 individuals from two towns in northern China were enrolled between May to September 2016. The height and weight were measured and the body mass index (BMI), body fat percentage (BFP), and body surface area (BSA) were calculated. A logistic regression model was used to estimate age-, sex-, and study site-adjusted odds ratios (ORs) and confidence intervals (CIs) for each of the anthropometric measurements with respect to the risk of thyroid nodules. Results: The final analyses included 9,096 participants, among whom 3,614 (39.7%) had thyroid nodules and 365 (4.0%) had thyroid nodules with a high-suspicion sonographic pattern. An increased risk of any thyroid nodules was associated with greater height, weight, BFP, and BSA in both men and women. Compared with the lowest quartile of BFP, the ORs for the highest quartile were 1.33 (95% CI: 1.09-1.62) in women and 1.89 (95% CI: 1.35-2.65) in men. An increased risk of thyroid nodules with a high-suspicion sonographic pattern was associated with greater weight, BMI, BFP, and BSA in both men and women. Compared with the lowest quartile of BFP, the ORs for the highest quartile were 2.19 (95% CI: 1.32-3.64) in women and 3.10 (95% CI: 1.31-7.36) in men.
Introduction
A thyroid nodule is a common thyroid disorder, and its incidence has been increasing in recent decades (1, 2) . The clinical importance of thyroid nodules lies in the need to exclude thyroid cancer, which occurs in 7-15% of cases (3, 4) . Generally, only nodules >1 cm should be evaluated, since they have a greater potential to be clinically significant cancers, and attempts to diagnose and treat all small thyroid cancers to prevent exceedingly rare outcomes may cause more harm than good (4) . Therefore, pathological confirmation of all thyroid cancers in a large epidemiological investigation of thyroid diseases is impossible (5, 6) . Fortunately, the 2015 American Thyroid Association management guidelines for adult patients with thyroid nodules and differentiated thyroid cancer has provided risk stratification based on a collection of sonographic features (4) . These guidelines suggested that if a thyroid nodule had a high-suspicion sonographic pattern, the malignancy risk was 70-90% (4) . Therefore, a thyroid nodule with a high-suspicion sonographic pattern can be a surrogate indicator for thyroid cancer in an epidemiological investigation (7) .
Obesity is a known risk factor for many chronic conditions and cancers, and the recent increase in the incidence of thyroid nodules and thyroid cancers may partly be due to the epidemic of obesity, which is traditionally evaluated on the basis of the body mass index (BMI) (8) (9) (10) (11) . The association between obesity and thyroid diseases has been reported epidemiologically, but the results are not entirely consistent (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . To our knowledge, no previous studies have evaluated the association between obesity and the risk of thyroid nodules with a highsuspicion sonographic pattern. In this large cross-sectional epidemiological study, we investigated whether a positive association existed between anthropometric measurements and the risk of thyroid nodules.
Methods

Patient and public involvement
Randomised cluster sampling was used to in this study. Briefly, two towns in northern China (Huachuan in Heilongjiang Province and Yanjiao in Hebei Province) were selected by purposive sampling between May to September 2016. Three communities were randomly selected from each city to ensure a good representativeness. All households from each community were randomly selected and interviewed. Households were excluded if they had partial or total thyroidectomy history, or lived in these areas for less than 5 years. This led us to enroll 10,504 individuals older than 18 years. This cross-sectional epidemiological investigation of thyroid diseases was conducted in accordance with the tenets of the Declaration of Helsinki and was approved by the Peking Union Medical College Hospital ethics committee. Written informed consent was obtained from all participants before any sample or data collection.
Data collection
To collect data on demographic characteristics, dietary habits, and personal or family history of thyroid disease, a structured questionnaire was administered by trained staff during a face-to-face interview with the participants. Physical examination included height (nearest 0.5 cm) and weight (measured to nearest 0.5 kg) measurements. Height and weight were evaluated when the participants swore light clothes and were barefoot. The BMI was determined by dividing the weight in kilograms by the height in square meters (kg/m 2 ). Body fat percentage (BFP) was estimated from the BMI by using the formula of where age is in years and sex is set to 0 for women and 1 for men (18) . Body surface area (BSA), an indicator of metabolic mass that is less affected by abnormal adipose mass than is the BMI, was calculated from the height and weight by using the formula of Du Bois and Du Bois: BSA = 0.007184 × Weight 0.425 × Height 0.725 (19) .
Imaging and image analysis
Thyroid ultrasonography was performed in each participant after interview by experienced radiologists using a Philips HDI, HDI5000 or iU22 (Philips Medical Systems, Bothell, WA, USA) or a GE logiq e9 (GE Healthcare, Wauwatosa, WI, USA) with a 5-to 12-MHz linear array transducer. Transverse-, longitudinal-and oblique-plane sonograms of the thyroid and cervical lymph nodes were acquired. The radiologists determined whether a participant had a thyroid nodule, which was a discrete lesion within the thyroid gland that was radiologically distinct from the surrounding thyroid parenchyma (4). If a participant had single or multiple thyroid nodules, the radiologists determined whether any thyroid nodules had a high-suspicion sonographic pattern. If a solid hypoechoic nodule or solid hypoechoic component of a partially cystic nodule had one or more of the following features: irregular margins (infiltrative or microlobulated), microcalcifications, taller than wide shape, rim calcifications with small extrusive soft tissue component, or evidence of extrathyroidal extension, the nodule was determined to be a thyroid nodule with a high-suspicion sonographic pattern (4) .
Statistical analysis
Continuous variables were summarized as the means and ranges. Categorical variables were summarized as percentages. The chi-square test or Fisher's exact test was used to compare between different groups, as appropriate. A logistic regression model was used to estimate age-, sex-, and study site-adjusted odds ratios (ORs) and confidence intervals (CIs) for each of the anthropometric measurements with respect to the risk of any thyroid nodules and thyroid nodules with a high-suspicion sonographic pattern, including the height, weight, BFP, BSA, and BMI. In these analyses, the anthropometric measurements were examined as continuous variables and as categorical variables. For the analysis as categorical variables, the measurements were categorized into quartiles on the basis of their distribution among participants of each sex separately. Tests for trend were performed by treating ordinal category scales of the anthropometric measurements as continuous variables. Tests for interaction were determined using the Wald chi-square test of the interaction term (10). Statistical significance was determined when the P value was less than 0.05. All statistical analyses were performed using SPSS for Windows/Macintosh, Version 11.5 (SPSS Inc., Chicago, IL, USA).
Results
In total, 10,504 individuals were recruited, but 1,408 were excluded from the analyses because of the absence of anthropometric measurements. The final analyses included 9,096 participants, including 2,135 (23.5%) men and 6,961 (76.5%) women. Of the 9,096 participants, 3,614 (39.7%) had thyroid nodules, and 365 (4.0%) had thyroid nodules with a high-suspicion sonographic pattern. Table 1 shows the characteristics of the participants and the distribution of anthropometric measurement among men and women. Table 2 shows the risk analysis results of thyroid nodules associated with continuous anthropometric measurements.
The study showed a significantly increased risk of thyroid nodules per 5-cm increase in height, per 10-kg increase in weight, per 5% increase in BFP, per 0.5-m 2 increase in BSA, and per 5 kg/m 2 increase in the BMI (all P<0.05). However, the risk of thyroid nodules in women was not significantly increased per 5 kg/m 2 increase in the BMI (P=0.102). Table 3 shows the risk analysis results of thyroid nodules by using categorized anthropometric measurements. An association existed between height and thyroid nodule risk in men (P trend =0.019) but not in women (P trend =0.102). Increased weight, BFP and BSA were all significantly associated with an increased risk of thyroid nodules regardless of sex and in a dose-related manner (all P trend <0.05). The most pronounced results were for BFP, for which the OR was 1.33 in women whose BFP was ≥36.2% than in women whose BFP was ≤29.3%, and the OR was 1.89 in men whose BFP was ≥27.7% than in men whose BFP was ≤21.6%. BMI was also significantly associated with an increased risk of thyroid nodules in men (P trend =0.004) but not in women (P trend =0.051). Table 4 shows the risk analysis results of thyroid nodules with a high-suspicion sonographic pattern associated with continuous anthropometric measurements. The study showed a significantly increased risk of thyroid nodule with a high-suspicion sonographic pattern per 10 kg increase in weight, per 5% increase in BFP, per 0.5-m 2 increase in BSA, and per 5 kg/m 2 increase in the BMI (all P<0.05). However, the risk of thyroid nodules with a high-suspicion sonographic pattern in men was not significantly increased per 5-cm increase in height (P=0.710). Table 5 shows the risk analysis results of thyroid nodules with a high-suspicion sonographic pattern by using categorized anthropometric measurements. An association existed between height and the risk of thyroid nodules with a high-suspicion sonographic pattern in women (p trend =0.034) but not in men (P trend =0.449). Increased weight and BFP were both significantly associated with an increased risk of thyroid nodule with a high-suspicion sonographic pattern regardless of sex and in a dose-related manner (all P trend <0.05). The most pronounced results were for BFP, for which the OR was 2.19 in women whose BFP was ≥36.2% than in women whose BFP was ≤29.3%, and the OR was 3.10 in men whose BFP was ≥27.7% than in men whose BFP was ≤21.6%. The BMI was also significantly associated with an increased risk of thyroid nodules with a highsuspicion sonographic pattern in women (P trend =0.003) but not in men (P trend =0.072). had approximately three times the risk of thyroid nodules with a high-suspicion sonographic pattern in the lowest quartile of BFP, and women with a BFP ≥36.2% had approximately two times the risk of thyroid nodules with a high-suspicion sonographic pattern in the lowest quartile of BFP. For thyroid nodules, we obtained similar results. Among the anthropometric measurements examined, BFP had the strongest association with the risk of thyroid nodules. Similar to our results, Xu et al. also found that BFP had the strongest association with the risk of papillary thyroid cancer (10) . In the pooled analysis of three casecontrol populations, men with a BFP >27.9% and women with a BFP >37.8% had approximately four times the papillary thyroid cancer risk than did men and women in the lowest quartile of BFP (10). The results of both studies demonstrated that BFP was useful as a predictor of thyroid nodules or cancer risk, and added to the existing evidence suggesting that greater body fatness was associated with a higher thyroid cancer risk.
Discussion
The BMI is a frequently used indicator of body fatness in epidemiological studies. However, in the present study, the BMI was significantly associated with an increased risk of thyroid nodules with a high-suspicion sonographic pattern in women (p trend =0.003) but not in men (p trend =0.072). Only 57 men had thyroid nodules with a high-suspicion sonographic pattern in this study; therefore, the nonsignificant association between the BMI and risk of thyroid nodules with a high-suspicion sonographic pattern in men was likely due to the small number of male participants (10). Interestingly, some prior studies obtained similar results. Dal Maso et al. found a significant but moderately increased risk of thyroid cancer with a higher BMI in women [relative risk for highest tertile, 1.2 (95% CI: 1.0-1.4)] but not for men (20) . Cléro et al. found a significantly increased risk of differentiated thyroid cancer with a higher BMI in women [OR for highest tertile, 3.0 (95% CI: 2.0-14.48)]
but not for men (21) . Those two studies included only 51 and 65 male patients, respectively (20, 21) . By contrast, the analysis conducted by Xu et al. included 557 male patients and demonstrated a statistically significant association between BMI and papillary thyroid cancer risk in men (10) . Therefore, we should include more male patients in future studies.
In this study, we found that a greater BMI was associated with a risk of thyroid nodules with a high-suspicion sonographic pattern among men [OR per 5-kg/m 2 increment, 1.67 (1.16-2.39)] and among women [1.20 (1.02-1.41)]. In other words, men had a slightly higher (22) . These results might reflect the sex differences in the proportion of subcutaneous fat and visceral fat (16) . As the BMI increased, women tended to have more subcutaneous fat than visceral fat, while men tended to have more visceral fat than subcutaneous fat (23, 24) . Individuals with a greater proportion of visceral fat are at a higher risk of insulin resistance and metabolic syndrome than are those with more subcutaneous fat (23, 25) . Some studies have demonstrated the association between insulin resistance and thyroid nodules. Ayturk et al.
found that insulin resistance might be associated with thyroid-nodule formation more strongly than even waist circumference might be (26) . Wang et al. found that insulin resistance was associated with the distribution, construction, and density of blood vessels in thyroid nodules (27) . These results might also explain that BFP had the strongest association with the risk of thyroid nodules with a highsuspicion sonographic pattern, because BFP was a better indicator of body fatness, which took in account both age and sex (18) . To our knowledge, this is the first large cross-sectional epidemiological study to evaluate the association between obesity and the risk of any thyroid nodules and thyroid nodules with a high-suspicion sonographic pattern. However, this study has some limitations. First, the percentage of male participants (23.5%) was lower in this study than in similar previous studies (37.0-46.0%) (11, 16) .
The reason was that the economy of the two included towns in northern China (Huachuan in Heilongjiang Province and Yanjiao in Hebei Province) was not good and most of the young man went to work in big cities. Second, although the major risk factors for thyroid nodules or cancers, including age and sex, were adjusted for in the model, other possible confounders were not assessed in our analysis, including smoking, alcohol consumption, and dietary and physical behaviors. In addition, we did not include some other anthropometric measurements which can more accurately measure central adiposity, such as waist circumference and the waist-to-hip ratio. Song et al. suggested that waist circumference was superior to the BMI in assessing the risk of thyroid nodules in Chinese subjects (16) . However, some studies did not demonstrate that the waist-to-hip ratio was associated more strongly than the BMI was with thyroid cancer risk (28, 29) . Therefore, the role of central adiposity in the development of thyroid nodules and cancers needs further investigation.
In conclusion, our results demonstrated that BFP was the most pronounced anthropometric factor associated with an increased risk of any thyroid nodules and thyroid nodules with a high-suspicion sonographic pattern. Therefore, BFP can be a good surrogate indicator for the BMI in future epidemiological studies on thyroid diseases.
Acknowledgments
Funding: This work is supported by Medicine and Health
Innovation Project of CAMS (2018-I2M-3-003).
Footnote
Conflicts of Interest:
The authors have no conflicts of interest to declare.
Ethical Statement: The authors are accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. This study was approved by the Peking Union Medical College Hospital ethics committee. Written informed consent was obtained from all participants before any sample or data collection. Odds ratios were adjusted for age, sex, and study area. *, for the analysis as categorical variables, measurements were categorized into quartiles on the basis of their distribution. Q1, Q2, Q3 and Q4 is the 1 st , 2 nd , 3 rd and 4 th quartiles, respectively. Q, quartile; OR, odds ratio; CI, confidence interval; BFP, body fat percentage; BSA, body surface area; BMI, body mass index.
